Abstract
Introduction
The attainment of nighttime bladder control is an important milestone in child development. Epidemiological evidence shows that the prevalence of bedwetting decreases with age (Byrd, Weitzman, Lanphear & Auinger, 1996) , with most children remaining dry throughout the night by around 4 to 6 years (Blomfield & Douglas, 1956; Oppel, Harper & Rider, 1968; Fergusson, Horwood & Shannon, 1986) . However, it is not uncommon for bedwetting to persist after this age into the early years of schooling, and sometimes beyond. For example, in the UK ALSPAC cohort, 15.5% of children aged 7.5 years were reported to experience some level of bedwetting, most of whom wet 'less than once a week', while only a small proportion (2.6%) wet twice or more in any one week -the frequency required for a DSM-IV diagnosis of nocturnal enuresis (Butler, Golding and Northstone, 2005) . Existing data indicate that there is considerable variability between children in their pathways to nighttime continence (Croudace, Jarvelin, Wadsworth & Jones, 2003; Fergusson, Horwood, Shannon, 1986 ). Such population heterogeneity in both school children and clinical (help-seeking) samples, suggests that different mechanisms and contributing factors for problems in achieving and maintaining bladder control may be operating. For some children continence may be achieved relatively easily after only a few mishaps; others achieve dry nights after a prolonged period of intermittent success and failure, and some may experience a relapse in bedwetting after previously being dry. Behind these patterns may lie clues to aetiology, neurobiological mechanisms, and possible interplay between genetic and environmental factors.
Development of nighttime bladder control from 4 -9 years: association with dimensions of parent rated child maturational level, child temperament and maternal psychopathology.
In order to understand the reasons for such wide variations in the time course for development of nighttime bladder control, it has proven useful to identify groups of children who show similar patterns in development of continence, or onset of bedwetting problems. This can be done in a variety of ways, including using simple methods such as cluster analysis to define a typology, based on characteristic features. However, in recent years more powerful new methodologies for statistical modelling of longitudinal data have been developed that are particularly suited to such research e.g. model-based clustering methods. These methods are referred to as group based trajectory models (Muthén & Muthén, 1998 Nagin & Tremblay, 2005) or latent class (growth) analyses when applied to longitudinal data. For example, Croudace and colleagues (Croudace et al. 2003 ) studied population heterogeneity in trajectories to nighttime bladder control in the 1946 British birth cohort (the Medical Research Council National Survey of Health and Development-NSHD). Latent class and group-based trajectory modelling techniques were applied to a simple binary recoding of bedwetting reports from parents on six occasions between the ages 4 and 15 years. Models with up to five longitudinal profiles were summarised graphically and a five-class solution offered as longitudinal empirical phenotypes that provide an alternative view to traditional, cross-sectional diagnoses e.g. based on DSM. Clinical diagnoses are often not available in general population samples or birth cohorts. The latent classes described the changing patterns of nighttime bladder control during the period from 4 to 15 years defined in terms of probability of bedwetting in the past month. The most common group in the general population sample was described as having normal development of nighttime bladder control (prevalence = 84.0%). This is to be expected since the data collection on bedwetting did not start until age four, censoring the trajectories to continence of the majority of the children. The second most common group exhibited delayed acquisition of nighttime bladder control and were described as "transient" (8.7%). A small group exhibited "persistent" bedwetting (1.8%) and a slightly larger group "chronic" bedwetting (2.6%). The remaining group profile was a latent class for secondary (relapse) or "onset" enuresis i.e. bedwetting that re-emerges anew after a period of initial continence (2.9%).
An important limitation of the study by Croudace et al. (2003) was that they did not examine contributing factors for bedwetting, apart from those relating to continence behaviour. Covariates were limited to daytime wetting, bowel control, and extent or duration of toilet training. Also, no other study has been able to attempt a replication of this novel typological perspective. Ideally independent data would be available to examine the robustness of these longitudinal profiles. Additionally, it is important to extend knowledge about contributing factors relating to individuals and their environments that might delay continence milestone attainment or trigger relapses. A previous study in the ALSPAC cohort found an association between previously established developmental trajectories of daytime bladder and bowel control (Heron, Joinson, Croudace & von Gontard, 2008) and contributing factors in early childhood including developmental delay, difficult temperament and exposure to maternal psychopathology. However, the association of these contributing factors with such a typological perspective on nighttime bladder control is yet to be examined. We believe it is important to examine whether these factors are also associated with the development of nighttime bladder control because this could increase understanding of potential similarities or differences in the aetiology of daytime and nighttime wetting. Also, a typological approach would allow us to examine whether different pathways to nighttime bladder control are differentially associated with these factors. Risk factors for bedwetting are widely believed to be multi-factorial and to involve a complex interrelationship of genetic, biological, neurological, and psychological factors. In some children, bedwetting appears to be neurodevelopmental, and associated with a fundamental deficit in brain maturation e.g. of neuronal pathways controlling micturition (Barbour, Boyd, Borland, Miller & Oppel, 1963; Jarvelin, 1989) . It is believed that this neurological deficit is linked not only to bedwetting, but also to the increased likelihood of delays in language and motor skill development that have been reported in children who suffer from bedwetting (Essen & Peckham, 1976; Fergusson et al. 1986; Jarvelin, 1989; Jarvelin et al. 1991; Kawauchi et al. 2001; Touchette et al. 2005; von Gontard, Freitag, Seifen, Pukrop, & Rohling, 2006) . However, another study, based on a relatively small sample comprising both healthy and pre-term children, reported no association between delayed motor and language milestones and attainment of nighttime bladder control (Largo, Molinari, von Siebenthal, & Wolfensberger, 1999) . It is also possible that there is an interaction between a child's maturational level and the impact of stress on the development of bedwetting, with children who suffer developmental delays showing increased vulnerability to psychosocial stress (Jarvelin et al.1991) . Furthermore, maturational delay may increase risk for relapse (secondary enuresis) among those children who experience significant or prolonged environmental stressors.
Development of nighttime bladder control from 4 -9 years: association with dimensions of parent rated child maturational level, child temperament and maternal psychopathology. residuals) and reversed where appropriate so that high values on all scores reflected a lower level of development.
Child temperament: The Toddler Temperament Scale (Fullard, McDevitt & Carey, 1984) Maternal psychopathology: Maternal symptoms (anxiety and depression) were assessed when the study child was 21 months using 10 questions from the Edinburgh Postnatal Depression Scale (␣ = 0.867; EPDS; Cox, Holden & Sagovsky, 1987) together with the Crown-Crisp Experiential Index (previously known as the Middlesex Hospital Questionnaire) comprising anxiety (␣= 0.771); depression (␣= 0.706), and somatic symptoms (␣= 0.524) scales (CCEI; Crown & Crisp, 1979; Crown, Duncan & Howell, 1970) . EPDS was dichotomized at a cut-off of 12/13, the standard cut-off used to indicate probable depressive disorder (Evans, Heron, Francomb, Oke & Golding, 2001 ). All CCEI scales were highly skewed and hence were dichotomized. CCEI does not have a standard cut-off so the following were used: depression scale -8/9, anxiety scale -8/9, somatic symptoms scale -5/6. This ensured approximately 10% of cases fell above the cut-off, creating a group comparable in size to the EPDS group allowing easier comparison of regression estimates between the anxiety/depression measures. Further information on the child development, temperament and maternal psychopathology measures used in this study can be found in Joinson et al. 2008 -see supplementary data.
Statistical modelling
Repeated enuresis outcomes (binary) were modelled using latent variables in Mplus. The risk set eligible for these analyses consisted of 13,793 cohort members: 7,217 boys and 6,756 girls who were alive at 1 year of age. We identified the enuresis trajectories using a two-stage approach. First, we estimated the trajectory groups using Longitudinal Latent Class Analysis (LLCA) then we compared and confirmed the results in Mplus Version 4.2 (Muthén & Muthén, 1998 and Latent GOLD 4.0 (Statistical Innovations, Inc., Belmont, MA). For the latent class analysis of nighttime bladder control, at least one parental report on whether their child wet the bed at night was required and available for 10,818 children. A complete set of parental report data i.e. from all five measurement occasions was available for 5,843 children. Secondly, we used multinomial logistic regression in Stata Version 9.2 to examine the impact of categorical, grouped and continuous risk factors on the class membership probabilities (vulnerability factors). More details of the various stages of the modelling process are given below.
Stage 1: Estimation of trajectories: Longitudinal Latent Class Analysis (LLCA) is simply latent class analysis (LCA) applied to longitudinal data. As with the standard LCA model, there are unconditional probabilities that capture the class sizes in the latent typological classification, and a set of conditional probabilities, for each time-point in each class, that describe the trajectories of bedwetting in each group. Croudace et al. (2003) employed two types of model -longitudinal latent class analysis (LLCA) and latent class growth analysis (LCGA). Although the LCGA approach is more parsimonious, capturing curvilinear trends within class profiles and allowing restrictions on the shape of the outcome trajectories (polynomial trends on the logit-linear scale), LLCA was preferred because LCGA was unable to fit the shape of the bedwetting relapse class found in their dataset where there is a turning point. For further technical details see methods in Croudace et al. (2003) and appendix therein.
In the current study, we considered only the LLCA approach since we expected to recover similar trajectory shapes and were interested in replicating the analyses from this earlier cohort. For the same reason of replication we did not consider other models such as a growth mixture model, which had not been considered in the original paper, neither did we investigate the effect of frequency of bedwetting with the LLCA. There is robustness and simplicity in our binary repeated measures analysis since it is entirely semi-parametric.
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Model selection and assessment of model fit: All models were estimated using ML in Mplus 4.2 and we checked results against the log-likelihood achieved for the same model estimated in Latent GOLD 4. In both programs we used multiple random starts to help achieve the optimal maximum likelihood solution.
In order to select the 'optimal' model, we employed a number of different criteria. Statistics derived from the likelihood were considered: (i) the bootstrap p-values for the global likelihood ratio goodness of fit chi-square and (ii) the nested LR test p-values (based on bootstrap), both from Latent GOLD, in conjunction with (iii) the BLRT (Bootstrap Likelihood Ratio Test) (Nylund, Asparouhov, & Muthen 2007) and (iv) the BIC (Bayesian Information Criterion) (Schwarz, 1978) from Mplus. Finally, an assessment of model classification (v) Entropy, was also inspected (Ramaswamy, DeSabro, Reibstein, & Robinson, 1993) . This is a single measure of the separation of the classes based on the posterior class membership probabilities. In addition, rather than basing the decision solely on statistical criteria, there are other aspects that should be considered including face validity, the resemblance to other results in the literature, as well as the diminishing returns of adding additional classes.
Stage 2: Multinomial modelling of contributing factors and bedwetting trajectories: Once the optimal LLCA model had been established, we used a variable representing trajectory group membership as the outcome in an examination of the contributing factors that might distinguish between normal and atypical development of nighttime bladder control. This was achieved using a set of multinomial regression models in which the odds ratios were estimated free of any constraints (mlogit) and derived in relation to the normative trajectory group, which was used as the reference group in all analyses of contributing factor associations.
In the two-stage approach (class derivation followed by covariate modelling) followed here, a nonweighted multinomial analysis using an outcome derived from modal class assignment is sub-optimal, as any uncertainty in class membership is ignored. Consequently, we reshaped the dataset so that there were five data points for each child, indicating the posterior probability assignment to each latent class. We then used the posterior probabilities as a weighting variable using Stata's iweight subcommand. For example, if a particular child was assigned a probability of 0.6 for class 1 and 0.1 for the four remaining classes, then the class 1 observation would be given six times the weight in the analysis. Bootstrapping was employed during preliminary work to sample from each child's distribution of posterior probabilities and this demonstrated that standard errors obtained using the iweights approach was accurate (details available on request).
Adjustment for confounders:
We adjusted regression estimates for gender and a number of indicators of socio-demographic level that were recorded from information available during the first two years of the study child's life. This information enabled simple definitions for binary and nominal covariates for early parenthood, housing adequacy, maternal education, financial difficulties, family size, partner support, and the presence of an emotional support network. Finally, we note that further adjustment was made for intellectual disability (IQ<70) obtained from assessment at a research clinic the children attended at eight years, using the Wechsler Intelligence Scale for Children Third Edition-WISC-III; Wechsler, Golombok & Rust, 1992) due to the possibility that low IQ may be associated with both delayed attainment of nighttime continence as well as with the early childhood contributing factors detailed above. In a previous paper we carried out both methods (adjusting and excluding) due to the possibility that any of the observed associations were being driven by the low IQ subgroup. Due to the small size of the excluded group (n=114), the class distributions across the sample as a whole remained unaffected by this exclusion and the effect on the regression estimates of removing these children was negligible. We, therefore, decided that adjusting for IQ<70 would be appropriate in the current paper, because we did not expect any major changes in the results if these children were excluded. We did not take account of prescribed medicines (e.g. those prescribed for behaviour problems) because this comprised a very small number of children and is unlikely to affect the results.
Results
The risk set eligible for these analyses consisted of 13,793 cohort members: 7,217 boys and 6,756 girls who were still alive at 1 year of age. For the latent class analysis of nighttime bladder control, at least one parental report on whether their child wet the bed at night was required and available for 10,818 children. A complete set of parental report data i.e. from all five measurement occasions was available for 5,843 children. The marginal prevalence of bedwetting outcomes and missing data at each age is shown in Table 1 . Percentages refer to children who wet the bed as a proportion of the responding sample. The prevalence of bedwetting declined at each age from 30% at 4.5 years to 9.7% at 9.5 years of age. Rates for boys were higher across the full five-year observation period and level of non-response increases steadily as the child ages. Deriving the nighttime bladder control trajectory classes: Model fit statistics for three, four and five-class models fitted on complete and partially missing datasets are shown in Table 2 . Whilst BIC (Bayesian Information Criterion) and entropy favoured the 4-class model, and the BLRT showed that the 5-class model did not significantly improve on the fit of the 4-class model, the bootstrap tests obtained via Latent GOLD suggested that the 5-class model was marginally better. We decided that both 4-and 5-class models were supported by these data and should be considered. Entropy values were high for the complete-case models, and lower but acceptable for the models with partially missing data. Trajectory shapes for the 4-class model are shown in Figure 1 . According to the 4-class model, the prevalence of normative development of nighttime bladder control was 72.6% in children whose parents had reported on all five measurement occasions. The next largest class (prevalence 13.5%) experienced a delay in attaining nighttime bladder control, and a smaller class (prevalence 8.8%) experienced persistent problems into later childhood. The fourth and smallest class (prevalence 5.1%) attained nighttime bladder control later than the normative class, and were prone to relapse i.e. had onset of a problem after partial success in attaining nighttime bladder control. Extraction of a fifth trajectory class in the enlarged sample (including children with some missing data) resulted in further refinement of the perspective of the mixture model on population heterogeneity - Figure 2 . Here the normative development class was reduced in size due to the identification of a second delayed class: one that followed a trajectory more similar to normative development than the delayed class from the 4-class model (8.4%) and one that was similar to the group with persistent problems (9.3%). The prevalence of the persistent group remained around one in ten children (8.6%). Development of nighttime bladder control from 4 -9 years: association with dimensions of parent rated child maturational level, child temperament and maternal psychopathology.
We favoured the five-class model obtained with the partially missing sample (n = 10,818) over the fourclass model because of the resemblance to the findings of Croudace et al. (2003) who argued that the bedwetting trajectories they identified were consistent with current diagnostic conceptualizations of primary and secondary enuresis. The labels assigned to the five classes were as follows: (1) normative (69.9% of 10,818 sample): a class with a very low probability of a bedwetting event throughout the time period; (2) delayed (8.4%): a class with a high probability of bedwetting at 4.5 years falling quickly to a very low probability from 6.5 years onwards; (3) severely delayed (9.3%): a class with a high probability of bedwetting until 6.5 years, which then begins to diminish; (4) the persistent class (8.6%) have a very high probability of bedwetting throughout the time period, and finally (5) the relapse class (3.8%) have an initially decreasing probability of bedwetting but with a secondary peak at 7.5 years, after which the probability of bedwetting decreases. The naming convention for the bedwetting trajectories used by Croudace et al. (2003) was not adopted in the current study to make this work consistent with a previous study of trajectories of daytime wetting and soiling in the ALSPAC cohort ).
Gender differences and rates of bedwetting at DSM-IV frequency:
The prevalence varied by gender with a disproportionately high number of boys present in all non-normative trajectory classes (Table 3) . These figures were derived following assignment of each child to their modal class, i.e. the class for which their posterior probability was greatest. The gender ratio was highest in the persistent and relapse classes where boys out-numbered girls by 2.10:1 and 2.13:1 respectively. Although these trajectories were derived whilst ignoring the frequency of the reported bedwetting events, the second half of Table 3 shows that there is a strong relationship between the grouping and the frequency of bedwetting, with the rates of bedwetting twice or more per week (frequency required for DSM-IV diagnosis) being much higher within the persistent wetting group and very low among the relapsing children. Multinomial modelling of the bedwetting trajectories and early life contributing factors The covariates described earlier were used in a set of multinomial logistic models to assess the odds of a child belonging to each of the atypical classes. Since the model fit criteria, trajectory shapes and class distributions were very consistent for the complete case and partially missing samples, this analysis focused on the results from the larger sample. Incorporation of predictor variables resulted in a 10-15% reduction in sample size (individual sample sizes are stated within tables 4a to 4c). Previous work has shown that there is little evidence of a relationship between bedwetting and predictors of 'missingness' so we felt that the reduction in sample size would have little influence on the overall findings. We fitted the models on samples where there were trajectory outcomes (derived from partially missing bedwetting data) in addition to data available on each individual contributing factor and confounders. Tables 4a to 4c show the results of the multinomial models of the association between the contributing factors (development; temperament; exposure to maternal depression and anxiety) and the different trajectories of nighttime bladder control (delayed, severe delay, persistent and relapse). The tables show both unadjusted and adjusted odds ratios and 95% confidence intervals (models adjusted for gender, IQ<70 and indices of social adversity -including items on early parenthood, housing adequacy, maternal education, financial difficulties, family size, partner support, and the presence of an emotional support network). Odds ratios were derived in relation to the normative trajectory of nighttime bladder control (used as the reference group). For continuous contributing factors (development and temperament), regression estimates are for a 1 SD increase in the covariate. P-values shown are for a global test of differences across the five outcome groups i.e. the null hypothesis is that all four odds ratios shown are equal to unity.
Delayed, severely delayed and persistent bedwetting trajectories
Child development: Table 4a shows strong evidence for an effect in all domains of developmental level (p< 0.001 throughout for the unadjusted models). There is an apparent trend in odds ratios across the delayed, severely delayed and persistent bedwetting groups. For example, in the unadjusted model, there was a 14% increased odds of following a delayed bedwetting trajectory for each SD change in the total development score, whereas the percentage increased risks for the severely delayed and persistent groups were 22% and 29% respectively. Restricted models were fitted to examine whether it was possible to assume a linear relationship through these 4 outcome levels (normative/delayed/severely-delayed/persistent) whilst estimating an additional estimate for the relapse group. Chi-square values (-2*change in likelihood) along with p-values were as follows: fine motor (chi 2 < 0.01, p = 0.996), gross motor (chi 2 = 0.06, p = 0.814), communication (chi 2 < 0.01, p = 0.984), social skills (chi 2 = 0.13, p = 0.715) and total development (chi 2 = 0.01, p = 0.942) i.e. in support of the linear trend for these groups. Adjustment for confounders led to considerable attenuation of these effects (particularly due to gender differences), however there was still strong evidence for an association with communication, gross motor skills, social skills and total development. Estimates for each atypical class of the outcome are referenced against the normative class.
Child temperament: Table 4b shows evidence for associations between several child temperament domains and the atypical trajectories of nighttime bladder control. In particular, there was evidence for an effect in the temperament domains of activity, adaptability, intensity, mood, persistence, and threshold. There was an increase in odds across the delayed, severely delayed and persistent bedwetting groups, with the exception of the activity domain where the odds were similar across the trajectories. Once again the assumption of a trend across certain outcome levels was upheld within these models. The only outcome for which the change in likelihood was moderately large was for mood with a chi2 of 0.60 (p = 0.441) providing little evidence for a deviation from a linear relationship. Following adjustment for confounders there was still evidence for associations within the temperament domains (with the exception of the threshold domain where the odds ratios were considerably weakened). (Table 4c ). Trends across the delayed, severely delayed and persistent groups were less apparent for the maternal depression/anxiety measures and there was little evidence for ranking between the severe delay and persistent groups. Although it appeared that a linear effect would not adequately describe the relationship shown in these results, examination of changes in likelihood provided little evidence for a deviation from a linear relationship: EPDS (chi 2 = 0.60, p = 0.441), anxiety (chi 2 = 0.01, p = 0.940), depression (chi 2 = 0.90, p = 0.342), somatic symptoms (chi 2 = 0.61, p = 0.435). Estimates for each atypical class of the outcome are referenced against the normative class. EPDS depression score above a cut-off of 12/13; CCEI scale scores above the following cut-offs: depression -8/9, anxiety -8/9, somatic symptoms -5/6.
Bedwetting relapse trajectory:
There was also evidence for an association between some of the early life contributing factors and the trajectory that represents relapse in bedwetting. For each SD change in the domains of developmental level, there was a 7-18% increased odds of following a bedwetting relapse trajectory, with similar odds for the temperament domains of activity, adaptability, intensity, mood, persistence, and threshold. However, for the maternal depression/anxiety measures, the association was stronger, with a 23-37% increased odds of following a bedwetting relapse trajectory for each SD change in each depression/anxiety domain.
Co-morbidity with daytime wetting and soiling: Previous results ) have shown a strong relationship between the contributing factors considered here and trajectories of both daytime wetting and soiling. It was surprising to see that to a large extent the results discussed in the current manuscript mirror those already reported. Due to the well-established association between bedwetting and daytime wetting/soiling (von Gontard & Hollmann, 2004) , it was considered important to ascertain whether the results reported above were being driven by this co-morbidity. Consequently, the results were further adjusted for membership of both atypical daytime wetting and soiling trajectory classes (results not shown but available from corresponding author). As expected, there was a further reduction in the odds ratios associated with the early life contributing factors, however, there was still evidence for an association with many of the factors considered. This suggests that the association between the bedwetting trajectories and the contributing factors cannot be fully explained by the association between the contributing factors and daytime wetting/soiling. There is still evidence for an Development of nighttime bladder control from 4 -9 years: association with dimensions of parent rated child maturational level, child temperament and maternal psychopathology.
association between the contributing factors and problems attaining (or maintaining) nighttime continence. This is even after taking into account that these contributing factors are also associated with daytime continence problems that often co-occur with bedwetting.
Discussion
This study based on a large UK birth cohort, applied latent class models to longitudinal data comprising parental reports of bedwetting from 4 -9 years. Children were classified with respect to delay in attainment of nighttime bladder control, persistence of bedwetting, and secondary onset or relapse in bedwetting. Variations in normal development, occurring before the first measurement of problem wetting were not modelled, and hence a morbidity-oriented approach is adopted, that conforms closely to that applied by Croudace et al. (2003) . Having established this congruence, the study then examined variation in membership probabilities for these empirically based, bedwetting classes by three key early life risks. All contributing factors related to characteristics of the child (maternal reports of maturation/developmental level at 18 months and child temperament traits at 24 months) or the mother (self-reported maternal anxious and depressive psychopathology experienced when the child was around 21 months old).
Using a larger and more recent cohort of UK children, but employing the same group-based (latent class) analytical approach the current study results presented four and five class models with similar profiles to those reported by the Croudace et al. (2003) typology. It is extremely rare for complex statistical models hypothesizing population heterogeneity to be tested on almost identical data in more than one sample with similar high quality prospective data; this is particularly the case when the questions of interest concern developmental outcomes for thousands of children, representative of the population in a defined geographical area. The current study extended previous work by examining the associations between the contributing factors in early childhood and the developmental trajectories of nighttime bladder control. Of the three areas of risk considered, all were shown to be associated with problems attaining or maintaining continence, consistent with our hypotheses.
Child Development
Children who were reported by their parents to have developmental delays at 18 months had increased odds of bedwetting at school age, with a trend for increasing odds ratios across the delayed, severely delayed and persistent bedwetting groups. Bedwetting has been previously described as a genetically determined maturational disorder of the CNS (von Gontard, Schmelzer, Seifen, & Pukrop, 2001 ) and this is supported by studies reporting evidence that developmental immaturity may play a part in the aetiology of bedwetting (Essen & Peckham, 1976; Fergusson et al. 1986; Jarvelin, 1989; Jarvelin et al. 1991; Kawauchi et al. 2001; Touchette et al. 2005; von Gontard et al. 2006) . A recent study, finding differences in intellectual capacities between children with and without bedwetting in the ALSPAC cohort, also underlines the importance of neurological factors (Joinson et al. 2007a ). The specific factors relating to the CNS include polyuria (Rittig, Knudsen, Norgaard, Pedersen, & Djurhuus, 1989) , lack of arousal (Wolfish, Pivik & Busby, 1997) and failure to inhibit the micturition reflex during sleep (Ornitz et al. 1999; Koff, 1996) . The first mechanism is mediated by antidiuretic hormone secreted from the CNS, whilst the latter two mechanisms are mediated by the brainstem. The increased odds of maturational/developmental delays in children with bedwetting in the current study (particularly those with persistent bedwetting) are likely to be a manifestation of an underlying neurological deficit that is also linked to the inability to control nighttime micturition. There was also some evidence for an association between developmental delay and relapse in bedwetting (although the odds ratios were smaller), suggesting a common underlying aetiology for primary and secondary (relapse) bedwetting. This view is supported by Fergusson et al. (1990) and Jarvelin (1989) who argue that both primary (never achieved nighttime bladder control for at least six consecutive months) and secondary enuresis (achieved nighttime bladder control for at least six months, and then suffers a relapse in bedwetting) are aspects of the same problem and share a common aetiological basis. They suggest that primary enuresis is due to delayed maturation of the physiological mechanisms controlling nighttime micturition and that, in the case of children who
Child temperament
This is the first study that we are aware of to investigate the association between bedwetting and early child temperament. There was evidence for more difficult temperament traits, rated by parents at 24 months, in children with delayed acquisition of nocturnal bladder control, persistent bedwetting and relapse in bedwetting. Children who were bedwetting between the ages of four and nine years were more likely at 24 months to be reported by mothers to have a higher activity level (e.g. fidgeting during quiet activities); were less adaptable (e.g. less likely to be coaxed out of a forbidden activity); had a higher intensity level i.e. more intense emotional reactions (e.g. screams or yells when frustrated); were more negative in mood (e.g. fretting or crying when learning a new task), and had lower levels of persistence i.e. were more easily frustrated and likely to give up activities (e.g. routine tasks such as dressing and picking up toys). These findings are supported by earlier studies describing certain 'personality features' of children with enuresis, including more irritability and less compliance (Moilanen, Järvelin, Vikevaeinen-Tervonen, & Hunttunen, 1987) and lower patience and tolerance, more difficulties with concentration, and inappropriate behaviour (Srivastava, Nigam & Sing, 1982) . Early difficult temperament has been found to be related to the development of externalizing and internalizing problems later on in childhood (Muris & Ollendick, 2005; Oldehinkel, Hartman, De Winter, Veenstra & Ormel, 2004) . Moreover, there is evidence that bedwetting is associated with externalizing and internalizing problems in school age children in the ALSPAC cohort (Joinson, Heron, Emond & Butler, 2007b) , suggesting that early difficult temperament traits could be precursors to these later problems. In particular, co-morbidity between bedwetting and attention and activity problems has been widely reported (Baeyens, Roeyers, Van Erdeghem, Hoebeke & Vande Walle, 2007; Joinson et al. 2007b) . It is particularly notable that the odds ratios for the temperament trait of higher activity were similar across the trajectories, in comparison to the findings for the other temperament traits, where there was a general increase in odds across the delayed, severely delayed and persistent bedwetting groups. The link between higher activity levels reported in children at 24 months and subsequent bedwetting at school age could be due to a common underlying neurological deficit in the basic inhibitory function of the brainstem that also leads to an inability to inhibit the micturition reflex during sleep.
Another possible mechanism through which child temperament may impact on the development of nighttime bladder control is through parents having more negative perceptions of a child who has difficult temperament. Parents who rated their child as having difficult temperament at age 2 years may have been more likely to attribute subsequent bedwetting to the child's difficult behaviour or lack of cooperation with their attempts to encourage nighttime bladder control. Such negative reactions could have led to anxiety and stress, which have been shown to be associated with problems attaining nighttime bladder control (Houts, 1991) . Some support for this argument comes from a finding in the ALSPAC cohort that parents of children who were still wetting the bed at age seven were more likely to report that they had shown displeasure at their child's bedwetting in the past compared to parents of children who were dry at night (Butler, Golding & Northstone, 2005) . It is not uncommon for parents to become intolerant of their child's bedwetting and resort to punitive actions, especially if they believe that the child is to blame (Butler, Redfern & Forsyth, 1993) .
Maternal psychopathology
The current study found an association between bedwetting (particularly the severely delayed and persistent bedwetting group) and maternal self-reported anxiety and depressive symptoms experienced when the child was around 21 months old. These findings are supported by evidence from an early clinical study reporting that bedwetting is associated with an increased rate of psychiatric disorder in the mother (Hallgren, 1957) . Mothers with depression and/or anxiety are more likely to be hostile and irritable toward their child, to engage in harsh disciplining behaviours, and to be less sensitive or responsive to their child's needs (Sohr-Preston & Scaramella, 2006; McLearn, Minkovitz, Strobino, Marks, & Hou, 2006; Nicol-Harper, Harvey & Stein, 2007) . It is possible that these factors could lead to an increased risk of stress or anxiety in the child. This argument is supported by evidence that children's stress hormone levels are influenced by exposure to maternal depression (Ashman, Dawson, Development of nighttime bladder control from 4 -9 years: association with dimensions of parent rated child maturational level, child temperament and maternal psychopathology.
Panagiotides, Yamada, & Wilkinson, 2002) . According to Jarvelin et al. (1990) , at around two years children begin to acquire bladder continence and early stress can interfere with this process. Stress is believed to interfere with the acquisition of bladder co-ordination, leading to bladder over-activity, avoidance of waking to a full bladder, or inhibition of antidiuretic hormone (Houts, 1991) . Antidiuretic hormone decreases the amount of urine produced at night, but it also has a role in modulating the response of the hypothalamic-pituitary-adrenal (HPA) axis to stress. The stress hormone cortisol exerts a negative feedback directly on the pituitary and also on the synthesis and secretion of antidiuretic hormone, a lack of which is associated with bedwetting due to the production of more urine than the bladder can hold (Aikawa, Kasahara, Uchiyama, 1998; Rittig et al. 1989 ). Exposure to earlier maternal depression and anxiety was also associated with an increased risk of relapse in bedwetting among school age children, again suggesting that primary and secondary enuresis may share a common underlying aetiological basis. However, for the maternal depression/anxiety measures, the pattern of odds ratios for the relapse group in comparison to the other trajectory groups is noticeably different to that found for developmental delay and temperament.
In the analysis with developmental delay and temperament, the odds ratios for the relapse group are generally smaller, or similar in magnitude to, the odds ratios for the other groups. In contrast, the adjusted odds ratios for the relapse group are the highest for two of the maternal measures -the anxiety and somatic scales of the CCEI. The stressful effects on the child of exposure to maternal anxiety or somatic symptoms during the sensitive period of learning bladder control could have led to incomplete acquisition of bladder control and increased susceptibility to bedwetting, especially during times of increased stress. It is also possible that mothers reporting experiencing these symptoms when their child was around two years old may have experienced similar symptoms during the assessment period (when their child was 4 to 9 years old) and a relapse in bedwetting at school age could also be related to the effects of proximal exposure to maternal distress and associated life events/stressors.
Limitations
A small proportion of children had still not attained nighttime bladder control by the end of the assessment period in the current study. Consequently, the prevalence of the group with persistent bedwetting was higher in the current cohort compared to the NSHD cohort, because the time span covered by the parent reports was shorter. If observed until 15 years, then the current study would have had the same time period as in the NSHD for their symptoms to remit and, through a refinement of the trajectory groups, many of the persistent cases may become more similar to the severely delayed group. As a result, we are unable to say whether the trend for an increased association of the contributing factors with increased level of bedwetting (from delayed, to severely delayed to persistent) is actually being driven by children who would be re-classified as severely delayed if the assessment period were to be extended beyond 9 years, rather than those who would remain in the persistent bedwetting group. In the present study, frequency of bedwetting was not incorporated into the model, but instead bedwetting was treated as a binary outcome variable. This was done to simplify analysis, establish a correspondence with the NSHD analysis and data, and to facilitate graphical presentation of the results. Although we considered using the full ordinal variation in the data captured by the 6-point 'frequency of bedwetting' response scale there is elegance and simplicity in our wet versus dry outcome. In addition, an aim of this study was to show the different developmental trajectories of nighttime bladder control in a non-clinical population and not to focus on children whose bedwetting meets DSM-IV criteria. Since we used a low threshold for bedwetting (i.e. the bedwetting groups were not restricted to children who met DSM-IV criteria), the effect sizes found in this study are relatively small, but they apply to the whole range of bedwetting problems in a sample drawn from the general population. Previous studies on the ALSPAC population have shown that it is important to consider not only those children whose bedwetting meets DSM-IV criteria, but also those with less frequent bedwetting due to a number of adverse psychological outcomes in this group (Joinson et al. 2007b ). Another study reported evidence for neurological impairments in children whose bedwetting did not meet DSM-IV criteria (Jarvelin et al. 1991) . It is notable that we found a strong relationship between the trajectory groups and the frequency of bedwetting, with the rates of bedwetting twice or more per week being much higher within the persistent wetting group and very low in the relapsing group. It has been suggested that persistence of Carol Joinson, Jon Heron, Richard Butler, Tim Croudace bedwetting into adolescence and beyond is more likely in children who wet the bed more than twice a week rather than those wetting less frequently Yeung, Sreedhar, Silhoe, Sit & Lau 2006) . Future studies with the ALSPAC data are planned, not only extending the trajectories of nighttime bladder control into adolescence, but also incorporating frequency of bedwetting into the longitudinal mixture model. This may help to shed light on whether children who experience frequent bedwetting that persists into late childhood and adolescence may not simply be at the end of a continuum of severity, but may represent a qualitatively distinct group with a different set of contributing factors. Another possible limitation of this study is that it relied on maternal reports for both bedwetting and the contributing factors relating to the child and mother, thus introducing method bias as a potential explanation for the effects reported in this study. However, we do not feel that method variance is a satisfactory explanation for the effects found in this prospective data because it is highly unlikely that mothers would have invented subsequent bedwetting episodes in their children. Relying on parental reports of children's bedwetting would be potentially more of a problem if the study had examined frequency of wetting, due to the possibility that this could be under/over-estimated by parents. The use of a binary measure of bedwetting should have minimized this limitation as it is unlikely that a child's bedwetting would go entirely unnoticed by parents. It is also possible that parents of children who wet the bed may overestimate problems relating to their child, such as difficult temperament. However, the prospective design of this study means that parental reports of child temperament pre-date the reports of bedwetting problems. Mothers suffering from depression are more likely to view their child negatively (Fergusson, Lynskey & Horwood, 1993) and this is potentially more of a problem, because maternal depression (assessed when the child was 21 months) may have negatively influenced maternal reports of child temperament (assessed at 24 months). The methods used have enabled us to dramatically simplify the complex set of responses relating to the occurrence of bedwetting observed within this cohort. We have represented the changing patterns relating to the development of nighttime bladder control of over 10,000 children as four groups with some level of communality in their progression towards continence and have then examined differences in the aetiology of these groups. This modelling approach to describing population heterogeneity is simple to understand and offers a good account of these data. A potential power of group based trajectory modelling over other methods is that it permits the statistical modelling of unobserved heterogeneity in the development of nighttime bladder control and may result in the identification of other groups not predicted by theoretical classification. Identification and analysis of distinctive developmental trajectories of nighttime bladder control is important because it may help to elucidate different risk factors relating to characteristics of individuals and their environments that account for qualitative differences across individuals in their developmental course. Although the trajectory modelling approach can often describe data very well in terms of groups, that does not imply that these groups actually exist, merely that this representation of the data is useful and appealing, especially from the point of view of prognosis and treatment. There is always scientific value in replication of the subgroups in other datasets where additional scientific scrutiny can be gained through external validation against other criteria, such as clinical diagnosis of nighttime enuresis.
Conclusions
The current study emphasizes the importance of a developmental approach to bedwetting through the examination of different pathways to the attainment of nighttime bladder control, and has broadly replicated the findings of Croudace et al. (2003) . The study also examined the role of early-life contributing factors in the development of nighttime bladder control, and these findings are supported by, and also extend, previous studies of bedwetting. In particular, the association of bedwetting with maturation level has been widely reported, but this is the first study to show that there is a trend for increasing odds of developmental delay with increasing delay of nighttime bladder control. Associations between early temperament and subsequent bedwetting were also examined for the first time in this study. The link with more difficult temperament traits may relate to early indicators of externalizing or internalizing problems, shown by previous studies to be co-morbid with nocturnal enuresis. The current study also adds to the literature on the association between stress and bedwetting, showing that children exposed to maternal depressive and anxiety symptoms at around two years have an increased risk of problems attaining nighttime bladder control. Increased understanding of the contributing factors that lead to problems attaining nighttime bladder control is Development of nighttime bladder control from 4 -9 years: association with dimensions of parent rated child maturational level, child temperament and maternal psychopathology.
essential because a significant proportion of children suffer from bedwetting into their school years, and if these problems remain unresolved or untreated they can become socially and psychologically debilitating (Butler, 2001; Issenman, Filmer & Gorski, 1999) . Important areas to consider for future research include, investigating whether the contributing factors identified in the current study anticipate children with increased vulnerability to problems with nighttime bladder control, and whether interventions targeting factors such as exposure to maternal depression, result in a decreased risk of bedwetting. Future studies should extend the age range covered in the current study, to investigate contributing factors associated with bedwetting that persists into adolescence and adulthood. A comprehensive examination of other potential contributing factors, including family history, prenatal influences, toilet training practices and life events, is also needed in order to shed light on the aetiology of this prevalent childhood problem.
